Some proteolytic enzymes occurring in the leaves of field-grown corn (Zea mays) (B73) were identified and partially characterized. Changes in activities of several proteolytic enzymes and in concentrations of protein and chlorophyll as a function of intraleaf segments (tip to base), leaf position, and leaf senescence during grain development and maturation were followed in crude leaf extracts.
Visually, individual leaf senescence starts at the leaf tip and the necrotic (brown) V-shaped area enlarges progressively toward the leaf base. Canopy senescence occurs in two phases. Foliar symptoms are first observed on the bottom leaf and then in sequential order up the plant. Subsequently, senescence occurs on the top leaf and moves downward. These foliar senescence symptoms are paralleled by decreases in exopeptidase activities, protein, and chlorophyll concentrations and by increases in endopeptidase activities. 0 During development and maturation of the grain, both aminopeptidase and carboxypeptidase activity of the middle half of the ear leaf increased (2-to 3-fold) during the onset of the visual reproductive phase (tassel and ear emergence). However, during grain development and plant senescence, both activities decreased rapidly and concurrently with the loss of protein and chlorophyll from this leaf section. In contrast, caseolytic activity at both pH 5.4 and 7.5 increased gradually during the early reproductive phase and rapidly with leaf senescence. The fastest rate of increase in caseolytic activities was concurrent with the most rapid loss of protein from the leaves. The coincidence of these events suggests a major role for the caseolytic enzymes in initiating the rapid hydrolysis of leaf protein.
Although the number of proteolytic enzymes detected in various plant tissue is large, their physiological role during plant maturation (leaf senescence) is largely unknown (10, 18 (21) while a CP from Aspergillus had a pH optimum between 3 and 4 (11) .
An acid sulfhydryl endopeptidase which functions in the mobilization of storage proteins in germinating seeds (4-6, 8, 9, 23) also occurs in leaf tissue (1, 3) . The level of acid sulfhydryl endopeptidase activity remained relatively constant during senescence (2, 19) suggesting that this enzyme has a minor role in the final mobilization of leaf proteins. With detached leaves, extractable protease activity was correlated with leaf senescence and protein synthesis was required for senescence (14, 16) . Martin and Thimann (14) found two proteolytic enzymes with different pH optima (pH 3 and 7.5) in tips of excised oat leaves. With hemoglobin as substrate, acid protease activity decreased after an initial increase, while neutral activity continued to increase throughout the senescence period. Endopeptidases insensitive to sulfhydryl reagents and with a neutral pH optimum have been found in germinating seeds (15, 20) . A bean leaf endopeptidase (pH optimum 9-10) that hydrolyzes denatured leaf protein has been reported (17) .
The objectives of this work were to identify some of the major proteolytic enzymes occurring in field-grown corn leaves and to study the changes in their activity patterns and the mobilization and loss of leaf protein during grain development and maturation.
MATERIALS AND METHODS Plant Material. Leaves from field-grown corn (inbred B73, planted May 6, 1975 , in fertile soil on the Agronomy South Farm) were the source material. The leaves, excised at the sheath and deribbed, were placed in plastic bags and stored on ice for transport to the laboratory. Each sample was comprised of equivalent leaves from at least three plants. Ear leaves were used for all experiments except where indicated. All of the work was done with fresh tissue except for the temperature and inhibitor studies, where frozen (-20 C) tissue was used. No differences in enzyme activities were detected in extracts from comparable fresh or frozen tissue.
Extraction. Leaves were cut into 1-cm2 sections and thoroughly mixed prior to subsampling. Six g of leaf segments and 24 ml of 0.05 M acetate buffer (pH 5.4 with KOH) containing 1% (w/v) insoluble PVP and 0.1% (v/v) ME were homogenized (VirTis 45 homogenizer) for 1 min at medium and 1 min at high speed. The homogenates were filtered through four layers of cheesecloth and then centrifuged for 10 min at 3,000g. The supernatant was stored overnight at 0 C befor desalting (amino acid removal) on a Sephadex G-25 column. The column (0.9 x 11 cm) was prepared as described (13) except the equilibration medium was 0.05 M acetate buffer (pH 5.4). Before loading of the extract, the column, held in a conical tube, was centrifuged for 5 min at 30g followed by 5 min at 300g and the excess buffer removed from the retaining centrifuge tube. After loading with 1 ml enzyme extract, the column was held at 0 C for 10 min and then centrifuged as previously indicated. The collected eluate was used directly for assays. For enzyme characterization stud-ies, 5 ml supernatant from the initial centrifugation were desalted by dialysis against 1,000 ml of 0.05 M acetate buffer (pH 5.4) containing 0.1 % (v/v) ME. Dialysis was done at 3 C for 15 hr with two changes of medium.
Aminopeptidase Assay. The substrate medium (L-leucine-pnitroanilide) was prepared as described by Chrispeels and Boulter (6) except that the final pH was 7. The enzyme extract (0.02 ml) and substrate medium (0.5 ml) were incubated at 37 C for 1 hr. The reaction was stopped by placing the reaction tubes in boiling water for 5 min. The samples were then diluted with 2 ml H2O and measured against a zero time blank. One unit of activity corresponded to an absorbance change of 1/hr at 410 nm.
Carboxypeptidase Assay. The substrate, N-carbobenzoxy-Lphenylalanine-L-alanine, was prepared as described by Visuri et al. (21) 7.5 . Immediately before use, 0.1% (v/v) ME was added to both media. Enzyme extracts (0.005-0.1 ml depending on activity) were brought to 0.1 ml with H20 and incubated for 3 hr with substrate solution (0.3 ml) at 37 C for the pH 5.4 assay and 45 C for the pH 7.5 assay. The reaction was stopped by addition of 0.2 ml 15% (w/v) trichloroacetic acid. After standing at 3 C for 30 min, the precipitate was removed by centrifugation (10 min, 300g). The free amino groups in the clarified supernatant were determined with ninhydrin (22) . Boiled enzyme blanks were used. The increase in free amino groups was linear over a 4-hr period.
The CA may reflect the hydrolytic action of both endo-and exopeptidase enzymes under the assay conditions employed (unpurified extracts). While this is undesirable, the loss of activity incurred through separation techniques is even more obectionable for survey purposes. The CA (pH 7.5) is undoubtedly low because ME was added to all assays. The inhibitory effect of ME (Table I) was not found until the seasonal survey work was well underway.
Inhibitors and Activators. Aliquots of the enzyme extract were pretreated with the inhibitors or activators for 15 hr at 3 C, except ME, which was added to the assay mixture. Controls were aliquots of enzyme extract pretreated with an equivalent volume of the solvent used for each inhibitor or activator. All solutions were freshly prepared and water was the solvent except for PMSF which was dissolved in ethanol (final ethanol concentration for preincubation 0.2%).
Chlorophyll Concentration. An aliquot (0.1 ml) of the crude homogenate was diluted to 1 ml with water. Four ml of acetone were added to each aliquot, and after standing 15 min at 3 C in the dark, the absorbance at 665 nm was measured against 80% (v/v) Aminopeptidase Activity. The pH optimum for the enzymehydrolyzing L-leucine-paranitroanilide was between 6.5 and 7 (Fig. 1) . The symmetrical shape of the pH response curve suggests the presence of only one enzyme. The optimum temperature for a 1-hr standard assay at pH 7 was 45 C. Activity was not significantly affected by treatments with EDTA, PHMB, NEM, PMSF, or ME (Table I) .
Carboxypeptidase Activity. The pH response curve ( Fig. 1 ) with pH optima at 3.5 and 5 suggest the presence of at least two enzymes in corn leaves. When assayed at pH 5, the CP enzyme(s) was more tolerant to temperature treatments and had a broad range (35-65 C) with an optimum at 55 C (1-hr assay). Activity was not affected by EDTA or thiol reagents, but PMSF, a hydroxyl group probe, caused a 50% loss of activity (Table I) .
Caseolytic Activity. With mature but photosynthetically active leaves (ear leaves harvested August 1), the CA exhibited a broad and multipeaked pH profile with highest activity at pH 5 ( Fig. 1) . With senescing leaves (bottom leaves harvested August 28), the pH profile was again broad and multipeaked with highest activity at pH 6.5. Also, there was a marked increase in CA in the neutral and alkaline pH range but a decrease in activity in the acid pH range (below pH 5).
With senescing leaves, the CA at pH 7.5 had a broad temperature profile with maximum activity at 45 C (standard 3 senescing leaves were treated with inhibitors and activators (Table I). EDTA and ME depressed pH 7.5 activity in both mature and senescing tissue, but stimulated pH 5. (8) .
The CA could be due to the action of both endo-and exopeptidases (CP at pH 5.4 and AP at pH 7.5). However, the concentration of substrate for both exopeptidases would be relatively low until free amino or carboxyl groups are made available by the action of the endopeptidases. The bulk of the CA assayed either at pH 5.4 or 7.5 was probably due to endopeptidase activity. This was confirmed for the endopeptidase activity at pH 7.5 by showing that the amount of trichloroacetic acid-soluble ninhydrin-reactive material present after incubation constituted only a minor part of the total. The changing properties of the CA at pH 5.4 (Table I) suggest that these measurements are not representative of one enzyme. The depression of the CA by PMSF at pH 5.4 could be due to the inhibition of CP, which is PMSF-sensitive (Table I ) and active at this pH (Fig. 1) . The inhibition by ME or EDTA of CA at pH 5.4 from senescing corn leaves also indicates that a portion of the CA may be due to CP activity. The different effects of PHMB or NEM or CA (pH 7.5) from mature and senescing leaves (Table I) Figure 2 . The AP activities of all four leaf segments decreased with each successive harvest. There was no difference in AP activity along the length of the leaf at the first harvest. By the third harvest, a decreasing gradient in AP activities from leaf base to tip was observed. Although the changes in CP activities were relatively minor, activity decreased in the two leaf tip segments with each successive harvest. In apparently necrotic tissue. This V-shaped area enlarges and moves toward the leaf base with time until the entire leaf becomes necrotic. The data (Fig. 2) obtained with leaf segments show that the decreases in AP activities, Chl and protein concentrations, and the increases in CA are consistent with the visual pattern of leaf senescence.
Leaf Position. The changes in measured protease activities and protein and Chl concentrations of the various leaves, harvested at intervals during grain development, are shown in Figure 3 . Data (not included) obtained with three other corn genotypes are similar to those obtained with genotype B73.
Visually, senescence was first observed on the bottom leaf and then sequentially leaf by leaf up the plant. Subsequently, a similar pattern of senescence starts with the top leaf and develops downward. The last leaf to show symptoms of senescence was at leaf position +2 (second leaf above the ear). These data (Fig. 3) show that the changes in measured protease activities and protein and Chl concentrations of the various leaves at the different harvest dates reflect the development of the visual patterns of canopy senescence. With each successive sampling, increases in CA activities were concurrent with decreases in protein and Chl. In contrast, AP or CP activities decreased or remained unchanged.
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